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ELECTRICITY: DC CAPACITORS QUESTIONS
QUESTION THREE (2020;3)
Capacitors are commonly used in electrical circuits to
store and dissipate energy. In a disposable camera a
capacitor is charged by a battery. This energy is used to
flash the bulb while the photo is being taken.
One such disposable camera uses a 1.20 x 10-4 F
capacitor. The camera is supplied with a battery of emf
3.00 V with no internal resistance. A simplified diagram
of the circuit is provided on the right. Switch A is closed
and switch B remains open.

(a)

Sketch a graph to show what happens to
the size of the current over time as the
capacitor charges. State what determines
the size of the maximum current.

(b)

Calculate the energy stored in the capacitor once it is fully charged. Compare this with the energy
supplied by the battery and account for any difference in the energy.

(c)

Emily decides to investigate capacitors further. She uses a sheet of plastic insulator with a thickness
of 2.00 x 10-3 m and a relative permittivity (dielectric constant) of 10, by placing metal foil on either
side of the plastic sheet to make a capacitor. Calculate the area of the metal foil on either side of the
plastic sheet Emily would have to use in order to get the same capacitance as the camera flash (1.20
x 10-4 F).

(d)

Emily experiments with two capacitors by pre-charging them and then connecting them in
parallel. She takes the 1.20 x 10-4 F capacitor and charges it to 50.0 V, and she takes a 1.00 x 10-4
F capacitor and charges it to 40.0 V.
She then connects them in parallel
such that the positive plates are
connected together, as shown in the
diagram.
•

Describe the direction of motion of charge once the capacitors are connected together.

•

By calculating the total charge, show that the common voltage that each capacitor has once
equilibrium is reached is 45.5 V.

•

Hence calculate the new charge on capacitor A once equilibrium has been reached.
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QUESTION THREE (2019;3)
Capacitors built into rubber speed bumps can be used to sense the number of
cars entering and leaving parking buildings. One particular speed bump
capacitor consists of two 0.687 m2 metal plates. When no car is present, the
plates are separated by 0.0519 m of air (εr = 1.00).
(a)

Show that the capacitance of the capacitor is 1.17 × 10–10 F.

The capacitor is connected to a sensing circuit as shown. When the
switch is closed, current will begin to flow and charge the capacitor
plates.
(b)

Sketch a graph to show how the current changes from when the
switch is closed to when the capacitor is fully charged. Calculated
values for at least two data points should be included.

After the capacitor has been fully charged, a car passes over the speed bump. The weight of the car pushes
the capacitor plates closer together, increasing the capacitance to 2.30 × 10–10 F. Assume the amount of
the charge on each of the plates at this moment is unchanged.
(c)

Show that the voltage of the capacitor at this moment is 3.05 V.

(d)

Explain the effect the new capacitor voltage will have on the readings recorded by the ammeter and
voltmeter 2 immediately after the capacitor plates are pushed together. Calculate the maximum
current through the circuit.
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QUESTION ONE (2018;1)
Casey sets up a battery, a switch, and a 3.00 Ω light bulb in
series.
The battery voltage is measured to be 6.02 V and the internal
resistance of the battery is approximately 0.09 Ω. Casey now
adds a capacitor in series with the battery and closes the
switch. Casey measures the voltage across the capacitor as it
charges.

(c)

Using information from the graph, determine the capacitance of the capacitor.

(d)

Casey discharges the capacitor, removes the light bulb, and begins to charge the capacitor again.
Casey predicts that, by removing the light bulb, less energy will be converted to light and heat, and so
the capacitor will charge more quickly, and have more stored energy once fully charged. Use physical
reasoning to discuss each aspect of Casey’s prediction. You should discuss, with explanations:
•

whether the capacitor will charge more quickly than before

•

whether less energy will be converted to light and heat during the charging process without the
light bulb

•

whether more energy will be stored in the fully charged capacitor.
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QUESTION THREE (2018;3)
Casey is experimenting with building inductors and capacitors. To make a capacitor, Casey places a thin
layer of rubber between two 1.20 m2 aluminium plates, and then squeezes the sheets together. The rubber
has a dielectric constant of 8.90 and is compressed to a thickness of 1.00 × 10–4 m.

(a)

Show that the capacitance of Casey’s capacitor is 9.45 × 10-7 F.

QUESTION ONE (2017;1)
Thomas’s car has an interior light that turns on when a door is opened. When the door closes, there is a
time delay before the light turns off. The time delay is determined by the time constant of a resistorcapacitor (RC) circuit.
(a)

Describe what is meant by the term time constant.

The diagram shows an RC circuit. The capacitor is initially
uncharged. After the switch is closed, the battery supplies
7.20 × 10–4 J of energy.

(b)

Calculate the energy stored in the capacitor when it is fully charged. Explain why this energy stored
in the capacitor is less than the energy supplied by the battery.

(c)

Draw a graph of circuit current against time for 15 seconds
after the switch is closed. Explain why the graph has the
shape you have drawn.

(d)

The time constant of the RC circuit can be changed by
adding a second capacitor, as shown. Explain how
this affects the time taken for the capacitor to charge
up.
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CHARGING A CAPACITOR (2016;1)
Eleanor sets up a circuit to investigate how capacitors operate. The circuit
is shown below. The circuit includes a 2.20 x 10-6 F capacitor and a double
pole switch.
(a)

Calculate the maximum charge stored by the capacitor in this circuit.

The capacitor is initially uncharged, and the switch
is in the position shown. Eleanor moves the switch
to S1 and the capacitor charges up. A graph of the
capacitor voltage against time is shown.
(b)

Use the graph to calculate the resistance of
the resistor. Draw lines on the graph to help
explain your working.

(c)

Give a comprehensive explanation for the shape of the capacitor voltage graph. Include the reasons
for the starting voltage and the final voltage.

(d)

Eleanor connects another 2.20 x10-6 F capacitor in series with the original capacitor and repeats the
experiment. Describe and explain how this affects:
•

the final voltage across the original capacitor

•

the time constant of the circuit.
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CAPACITORS (2015;2)
Dielectric constant of air = 1.00
Permittivity of free space = 8.85 x 10 -12 F m-1
A 9.00 V cell is being used to charge a capacitor, as shown.
(a)

At one point during the charging, the capacitor has a
voltage of 6.40 V, and the current flowing in the circuit is
0.208 A. Show that the internal resistance, r, of the cell is
12.5 Ω.

(b)

The capacitor has air between its plates, and a plate separation of 2.26 x 10-4 m. If the capacitor has
a capacitance of 2.75 x 10-9 F, what is the overlap area of the plates?

(c)

Recently in the news, a teenager claimed to have developed a super
capacitor as a way of rapidly charging a cell phone within 5 minutes.

The actual circuit in a cell-phone charger is complicated, but the use of a
capacitor to supply the energy to the charging unit can be modelled using a
simple circuit. In the circuit shown, a capacitor with capacitance F has
already been charged to 5.00 V, and is now discharged through a resistor,
R, which represents the charging unit. Use the graph to show that the
resistor is 4.50 Ω and calculate the maximum current in the circuit.

(d)

One particular cell phone requires about 6 x 105 joules of energy to fully charge. A super capacitor
of 400 F could be used to charge a cell phone that requires 5 V with a resistance of 4.5 Ω. Use
calculations to decide whether this capacitor would fully charge the cell phone within 5 minutes.
In your answer, you should:
•

calculate the time taken for the capacitor to become effectively discharged

•

discuss whether the capacitor will release its energy within 5 minutes

•

calculate the energy released by the capacitor when discharging through the resistor

•

compare the energy released by the capacitor with the energy that would berequired to
fully charge a cell phone.
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ENERGY (2014;3)
(a)

In the circuit shown, switch B is kept open and switch A is closed,
allowing charge to flow onto the plates of the capacitor. Explain why
the voltage of the capacitor rises to the voltage of the battery.

(b)

When the capacitor in the circuit above is fully charged, it carries a
charge of 8.60 × 10−3 C. Calculate the energy stored in the capacitor
when it is fully charged.

(c)

The graph shows the relationship between voltage and
time as the capacitor charges.
Sketch another curve on the graph to show the effect of
an increased resistance on the charging of the capacitor.

Using a capacitor to produce a flash of light (2013;1)
The circuit below can be used to produce a flash of light from a lamp
with a fixed resistance of 128 Ω. Switch 1 is closed, and the capacitor
charges up.
(a)

Calculate the charge stored in the capacitor when it is fully
charged.

(b)

The internal resistance, r, of the battery is 1.80 Ω. Explain why the
charging is almost instantaneous.

Switch 1 is opened and switch 2 is closed so the capacitor
discharges through the lamp.
(c)

On the graph, mark values on the axes and plot a curve
with at least 3 points to show how the charge in the
capacitor changes during the discharge process.

(d)

The lamp will glow at normal brightness if the voltage
across it is between 9.00 V and 12.0 V. Use the graph to
estimate the length of time that the lamp is glowing at its normal brightness.

A second, identical capacitor is connected in series with the one shown.
(e)

Show that the total capacitance of the two capacitors is 62.5 × 10–6 F.

(f)

Explain, using physical principles, the effect of the new capacitor arrangement on the time constant
of the circuit.
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THE MOTOR (2012;2)
When Hugo presses a button on the car’s remote control, a switch closes
to allow current to flow in the coil of the motor. This causes the coil to
rotate, which makes the car’s wheels turn.
Hugo decides to use a capacitor instead of a battery to power his remote-controlled car. He knows that
capacitors have no internal resistance and can be recharged. Hugo uses a 500 F capacitor in place of the
battery. The capacitor is charged to 4.5 V, and then connected to the car’s motor, as shown.
A voltmeter is placed in the circuit. The
following graph of voltage vs time is produced
as the motor runs.
(a)

Show that the effective resistance of the
car’s motor is approximately 4.8 Ω.

(b)

Calculate the size of the capacitance
required to triple the time constant and
draw a new curve on the graph opposite
to show the effect of doing this.

(c)

Describe, using words or by sketching a
circuit diagram, how this new capacitance could be achieved with 500 F capacitors.

RESISTOR-CAPACITOR (RC) CIRCUITS (2011;1)
A varying DC input can be made steadier using a capacitor as shown.
(a)

Calculate the time constant for the circuit shown, in which the
capacitor has a value of 1.2 × 10–7 F and the resistor is 1.0 × 103 Ω.
The input signal varies, as shown.

(b)

Describe how the voltage across the capacitor changes between the
times of 2.2 and 3.0 ms.
Your answer should include a sketch on the graph.

(c)

Calculate the charge stored on the capacitor 0.24 ms after the
voltage input drops to zero.

(d)

Explain why an RC circuit like this smooths a rapidly changing
input signal to a less variable output voltage as shown.
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CAPACITANCE MOISTURE METER (2010;2)
The moisture content of wood can be tested by
measuring capacitance.
A simple moisture meter is based on two parallel metal
plates. The test sample fits between the plates.

The relative permittivity of wood decreases when wood
is dried. By measuring the capacitance of this capacitor,
the moisture content of the wood can be determined.

(a)
(b)

Explain how the capacitance will change as the wood dries.
The plates are connected to a capacitance meter. This measures 4.99 ×
10–11 F. Calculate the relative permittivity, εr, of the wood.

TILTMETER (2009;3)
Permittivity of free space = 8.85 × 10–12 F m–1
Relative permittivity of air is 1.00
The diagram shows a simple tiltmeter, a device
that detects minute movements in the Earth's
crust. The metal block, suspended by a thread,
forms a capacitor with each of the fixed plates
either side of it, effectively creating two air-filled
capacitors in series with each other.

The distance between the plates of each capacitor is 0.82 mm. The area of overlap of the capacitor plates
is 0.50 m2.
(a)
(b)

Calculate the capacitance of each capacitor.
The Earth's crust moves, and the metal block moves closer to the left
hand outer plate.
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Show that the total capacitance of the two capacitors is given by:

(c)

Describe why the total capacitance of the two capacitors does not change, no matter how far the
metal block moves.

In order to measure the distance, the metal block moves, the capacitors are connected into the following
circuit.
(d)
(e)
(f)

By considering the total capacitance of the two capacitors and
the total voltage across them, show that no current flows
when the Earth causes the metal block to move.
Explain how the voltage reading changes when the metal
block moves to the left.
At one instant, the metal block has moved, and the voltmeter
reading is 5.1 V. Calculate the distance moved by the metal
block.

THE CAPACITOR (2008;3)
The permittivity of free
space = 8.84 x 10-12 F m-1

The capacitor in the induction cooker has a capacitance 1.65 x 10-8 F. Sam wanted to make a
capacitor of this capacitance using two metal foil sheets. The two sheets of foil are separated by a
layer of air 1.00 x 10-4 m thick.
(a)
(b)

Calculate the area of the foil sheets that Sam should use.
State two ways that Sam could increase the capacitance using the same pieces of foil.

After making the capacitor, Sam checked the value of its
capacitance by charging it in a circuit in series with a resistor
and a 19.5 V DC supply.
A graph of current versus time for the charging circuit is shown.
(c)
(d)

Show that the resistance of the resistor is 150 kΩ.
Determine the actual capacitance of the capacitor.
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CAPACITORS AND LOOPED CIRCUITS (2007;1)
The following circuit was set up to model the operation of a camera flash unit.

With switch 2 open, switch 1 is closed and the capacitor starts to charge.
(a)

Calculate the time constant for the charging circuit. Give your answer to the correct number of
significant figures.

(c)

What is the voltage of the capacitor when it is fully charged?

(d)

Explain why the current drops to zero

(e)

Switch 1 is opened and switch 2 is closed. Explain why the bulb flashes (glows briefly then goes out).

(i)

With switch 2 closed, switch 1 is now closed to re-charge the capacitor. With switch 2 still closed,
switch 1 is opened to make the bulb flash. State why the bulb does not flash.

(j)

To get the unit ready for a flash, switch 1 must be closed and switch 2 must be open. Explain why
each of these switch settings is necessary before a flash can be produced.
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SWITCH BOUNCE (2006;1)
When an ideal switch is closed, the contacts touch one another and
the circuit is completed instantaneously. In many real switches the
contacts will 'bounce' a few times before making permanent
contact. This means that the circuit is switched on and off rapidly as
the contacts bounce.
The effects of switch 'bounce' can be minimised using the
circuit modification shown. Assume this modification is in
place when answering the following questions.

(a)
(b)

Describe the charge flow in the circuit when the
switch first closes and completes the circuit.
State why there will still be a current through Rcircuit when a bounce opens the switch and breaks the
circuit.

When the switch is opened, the time constant for the circuit is 0.11 s.
(c)
(d)
(e)
(f)

(i)
Show that the capacitance of the capacitor has an unrounded value of 7.5862 x 10-5 F.
(ii)
Round this value to the appropriate number of significant figures.
Calculate the charge on the capacitor plates when the voltage across them is 5.5 V.
The time between the first contact completing the circuit and the first bounce breaking it is very
short. Explain why the time constant for the charging circuit must be even shorter.
Calculate the voltage across the capacitor when the circuit has been closed for some time (i.e. when
the current in the circuit has become constant).

SNUBBER SWITCH (2006;2)
In a DC inductor circuit there is an important difference
between switching on and switching off.
The diagram shows a simple snubber circuit connected
across the switch. The capacitor has capacitance 4.7 x 107 F.
(d)
(e)

After the switch has been opened and the voltage
across the capacitor has reached a steady value, explain how this capacitor voltage will relate to the
voltage of the source.
By first calculating the charge on the capacitor (or otherwise), calculate the energy stored in the
capacitor when the voltage across it is 25 V.
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(f)
(g)

When the switch is closed again (as shown in the diagram), explain
what will happen to this stored energy.
Explain why the presence of the resistor in the snubber circuit
protects the switch.

SOLAR RACING (2005;1)
As part of a technology challenge Tui and Richard are building a solar powered
model car. They plan to use a solar cell connected to a small motor to drive the car.
They have been told that the internal resistance, rs, of a solar cell is relatively
large and so, before they start, they decide to investigate the electrical
properties of the solar cell. First, they connect the solar cell to a voltmeter with
no other components and find the voltage is 8.06 V.

Their investigation shows the students that the internal resistance of the solar cell is not constant. It
decreases as the current decreases. They wonder what would happen if the cell was used to charge a
capacitor.
(e)
(f)

What would be the time constant of the circuit to charge a 5000 μF
(5.00 x 103 F) capacitor if the circuit resistance was 64.3 Ω?
Explain how the time taken to charge a capacitor with a solar cell
would compare with the time taken to charge the same capacitor
using a charging circuit that has constant resistance. Assume both
circuits have the same resistance at the start of the charging process.
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CAPPUCCINO ESSENTIALS (2004;1)
Jodi has a battery-operated rotary whisk that makes frothy milk for her
coffee. Jodi wondered what would happen if the battery in the frother
were replaced with a charged capacitor. She found a 0.115 F capacitor and
used a 10 V supply to charge it. She then discharged the capacitor through
the frother. The resistance of the frother is 8.7 Ω.

(a)
(b)

Calculate the time constant for this circuit.
On the axes below carefully plot a graph to show how the voltage across the capacitor would vary
with time during the discharging of the capacitor over the first 4 s.

(c)

The minimum power that must be delivered to the frother in order to make it work is 1.3 W.
Calculate the length of time for which Jodi might expect the frother to work when it is powered by
the capacitor.

